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The number of divorces is increasing since $1980s$ in Japan. We hypothesize that this trend is due
to a new nature of people. For example, recently, people feel annoying, when they are loved too
much. Following Strogatz’s model(1998), we examined a dynamical model which coupled ordinary
differential equations describing the time-variation of the love or hate displayed by individuals in a
romantic relationship. Incorporating terms that express such annoying feeling by a kind of logistic
function, we found whether a couple unfortunately divorce or not depends on initial states of their
love and their parameters of personality.
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$\{\begin{array}{l}\frac{dR}{dt} = aR+bJ\frac{dJ}{dt} = cR+dJ\end{array}$ (2.1)
$a$ $b$






































$\{\begin{array}{l} = -au+b(1-\frac{v}{k_{1}})v\frac{dv}{dt} = -cv+d(1-\frac{u}{k_{2}})u\end{array}$ (3.1)
$u,$ $v$ $a$ $b$
c $d$ $k_{1},$ $k_{2}$
3.2
(3.1) (3.1) $\lambda_{1}=\frac{1}{k_{1}},$ $\lambda_{2}=\frac{1}{k_{2}}$
$\{\begin{array}{l}\frac{du}{dt} = -au+b(1-\lambda_{1}v)v,\frac{dv}{dt} = -cv+d(1-\lambda_{2}u)u\end{array}$ (3.2)
$v$ $u$









$F(U, \alpha, \beta)=0$ , (3.3)




$\beta=\{\begin{array}{l}\alpha(\frac{1}{27}-\frac{2}{3\sqrt{3}}(\frac{1}{3}-\frac{1}{\alpha})^{2}-\frac{1}{3}3(\frac{1}{3}-\frac{1}{\alpha})) , (U=(\frac{1}{3}(\frac{1}{3}-\frac{1}{\alpha}))^{2}1)\alpha(\frac{1}{27}+\frac{2}{3\sqrt{3}}(\frac{1}{3}-\frac{1}{\alpha})^{\frac{3}{2}}-\frac{1}{3}(\frac{1}{3}-\frac{1}{\alpha})) (U=-(\frac{1}{3}(\frac{1}{3}-\frac{1}{\alpha}))^{2}1)\end{array}$ (3.5)








(3.3) $U$ 1 $U=0$ 4
3.3
















$\det J>0$ $J$ $(u, v)=(O, 0)$
2 Fig 3
Fig 3: :u $=\phi(v)$ , :v $=\psi(u)$
$\det J=ac-bd(1-2\lambda_{1}v^{*})(1-2\lambda_{2}u^{*})=ac(1-\frac{d\phi}{dv}(v^{*})\frac{d\psi}{du}(u^{*}))$
$u^{*},$ $v^{*}$ $A$ $B$ $A$ $\frac{d\phi}{dv}(v^{*})=0$ $\det J>0$
$\frac{d\phi}{dv}(v^{*})\neq 0$ Fig 3 $A,$ $B$
$A: \frac{d}{du}\psi(u^{*})<\frac{1}{\frac{d}{dv}\phi(v^{*})}, B:\frac{d}{du}\psi(u^{*})>\frac{1}{\frac{d}{dv}\phi(v^{*})}$
$A:\det J>0, B:\det J<0$ (3.8)
(3.6), (3.8) A B
3 Fig 4
13
Fig 4: :u $=\phi(v)$ , :v $=\psi(u)$
$A,$ $B,$ $C$
$A: \frac{d}{du}\psi(u^{*})<\frac{1}{\frac{d}{dv}\phi(v^{*})}, B:\frac{d}{du}\psi(u^{*})=\frac{1}{\frac{d}{dv}\phi(v^{*})}, C:\frac{d}{du}\psi(u^{*})>\frac{1}{\frac{d}{dv}\phi(v^{*})}$
$A:\det J>0, B:\det J=0, C:\det J<0$ (3.9)
(3.6), (3.9) $A$ $C$ $B$ $0$
4 Fig 5
Fig 5: :u $=\phi(v)$ , :v $=\psi(u)$
$A,$ $B,$ $C,$ $D$
$A, C: \frac{d}{dv}\psi(u^{*})<\frac{1}{\frac{d}{du}\phi(v^{*})}, B, D:\frac{d}{dv}\psi(u^{*})>\frac{1}{\frac{d}{du}\phi(v^{*})},$
$A, C:\det J>0, B, D:\det J<0$ (3.10)
(3.6), (3.10) $A,$ $C$ $B,$ $D$
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4$O$
$u\ll v, v\ll u, u\simeq O, v\simeq O$
1
Fig 6: : $u=\phi(v),$ $v=\psi(u)$ , :(3.2)
Fig 6 $a=1.5,$ $b=0.5,$ $c=0.5,$ $d=0.5,$ $k_{1}=1.0,$ $k_{2}=1.0$ , $(u, v)=$ (0.7,0.7)
$O$
2
Fig 7: : $u=\phi(v),$ $v=\psi(u)$ , :(3.2)
Fig 7 $a=0.5,$ $b=3.5,$ $c=0.5,$ $d=0.8,$ $k_{1}=0.5,$ $k_{2}=0.7$ , $a=0.5,$ $b=3.5,$ $c=0.5,$ $d=$
$2.8,$ $k_{1}=0.5,$ $k_{2}=1.0$ $(u, v)=$ (0.2,0.5)
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Fig 8: :u $=\phi(v),$ $v=\psi(u)$ , :(3.2)
Fig 8 $a=0.5,$ $b=1.5,$ $c=0.5,$ $d=0.8,$ $k_{1}=0.9,$ $k_{2}=2.2$ $(u, v)=$ (0.2,0.5)
3 2
$a,$ $b,$ $c,$ $d,$ $k_{1},$ $k_{2}$
4
Fig 9: :u $=\phi(v),$ $v=\psi(u)$ , :(3.2)
Fig 9 $a=0.5,$ $b=3.5,$ $c=0.5,$ $d=2.8,$ $k_{1}=0.5,$ $k_{2}=0.5$ , $(u, v)=$ (0.5,0.2), (0.7,0.7)
Fig 7
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Fig 10: :u $=\phi(v),$ $v=\psi(u)$ , :(3.2)
Fig 10 $a=0.5,$ $b=1.4,$ $c=0.5,$ $d=1.9,$ $k_{1}=1.1,$ $k_{2}=1.0$ , $(u, v)=(O.4,0.5)$ , (0.6,0.2)
Fig 8
2 4





$a,$ $b,$ $c,$ $d,$ $k_{1}$ ,
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